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(57)Abstract 

PROBLEM TO BE SOLVED: To drive a piezoelectric actuator 
stably, even if it is miniaturized by providing a displacement 
mechanism part that is formed at a flat-plate shaped vibrator and 
whose one end and the other end are free and fixed, respectively, 
and to provide a piezoelectric element that is provided at it, and a 
traveling body that is in contact with or is close to the 
displacement mechanism part of the vibrating body. 
SOLUTION: A displacement mechanism part 13 is provided with a 
free end part that can be moved freely for a drive block 1 1 and a 
fixed end part that is fixed to the drive block 1 1. When a positive 
voltage is applied to an electrode 15, a piezoelectric element 14 is 
flexed towards the side of a traveling body 1 7. When the voltage is 
removed, the piezoelectric element 1 4 returns to its original shape. 
When the piezoelectric element 1 1 is deformed, the displacement 
mechanism part 13 is also flexed, its free end tip part touches the 
traveling body 1 7, the force of a component in a side direction at 
the tip of the free end is transferred to the traveling body 1 7 via a 
frictional force, and the traveling body 1 7 moves finely in the same 
direction. Therefore, by periodically applying a voltage to the 
piezoelectric element 14, a small moves are repeated, thus the 
body 1 7 can be moved continuously. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the variation rate which it was formed in a plate-like oscillating object and this plate-like oscillating 
object and was considered as end free other end immobilization — the device section and this variation rate — the 
piezoelectric device prepared in the device section, and the variation rate of said oscillating object — the 
electrostrictive actuator characterized by having the mobile made to contact or approach the device section. 
[Claim 2] the variation rate which it was formed in a plate-like oscillating object and this plate-like oscillating 
object, and was considered as end free other-end immobilization — the device section and this variation rate — 
the piezoelectric device which was prepared in the device section and prepared the electrode in the front face, and 
the variation rate of said oscillating object — the electrostrictive actuator characterized by to have the mobile 
made to contact or approach the device section and the power source which supplies the power of predetermined 
frequency to a piezoelectric device. 

[Claim 3] The electrostrictive actuator which considers as end free other end immobilization while forming in the 
plate-like oscillating object laid in the fixed object of arbitration, and this oscillating object and is characterized by 
having the displacement device section to which this free edge contacts or approaches said fixed object and the 
piezoelectric device prepared in this displacement device section. 

[Claim 4] The electrostrictive actuator which considers as end free other end immobilization while forming in the 
plate-like oscillating object which carries out application-of-pressure contact and this oscillating object at a 
mobile, and is characterized by having the displacement device section to which this free edge contacts or 
approaches said mobile, and the piezoelectric device prepared in this displacement device section. 
[Claim 5] The electrostrictive actuator of any one publication of claim 1-4 characterized by making small the touch 
area to said contact surface to the projected area of the displacement device section to the contact surface of a 
mobile or a fixed object 

[Claim 6] The electrostrictive actuator of any one publication of claim 1-5 characterized by making some cross 
sections containing all of said displacement device sections, or the fixed-end section rough convex shaped. 
[Claim 7] The electrostrictive actuator of any one publication of claim 1-6 characterized by having made said 
displacement device section into the L character configuration, having made the shorter side into the fixed-end 
section, and using a long side as a free edge. 

[Claim 8] said variation rate — the device section — two or more — forming — some variation rates — the device 
section — other variation rates — the electrostrictive actuator of any one publication of claim 1-7 characterized 
by forming in the device section and hard flow. 

[Claim 9] said variation rate — the device section — two or more — forming — some variation rates — the device 
section — the direction of X — other variation rates — the electrostrictive actuator of any one publication of 
claim 1 -8 characterized by forming the device section in the direction of Y. 

[Claim 10] The electrostrictive actuator according to claim 9 characterized by shifting and forming these 
displacement device section from the same straight line while forming the displacement device section in forward 
hard flow in the direction of X, or the direction of Y. 

[Claim 1 1] Claim 1 characterized by supporting said mobile to revolve centering on a splash shaft and 2 and 5 
thru/or the electrostrictive actuator of any one publication of eight 

[Claim 12] the variation rate for coarse adjustments — the device section and the variation rate for coarse 
adjustments — the variation rate for jogging made into size smaller than the device section — the electrostrictive 
actuator of any one publication of claim 1-11 characterized by preparing the device section. 
[Claim 1 3] The manufacture approach of the electrostrictive actuator characterized by forming a ramp in the front 
face of the displacement device section using the difference of the solubility by the crystal orientation of said 
oscillating object while forming the displacement device section which used photo etching and considered it as end 
free other end immobilization on a plate-like oscillating object 

[Claim 14] The manufacture approach of the electrostrictive actuator characterized by combining a photo etching 
technique and a electrocasting technique and forming the displacement device section of the cross-section 
abbreviation boiled-fish-paste configuration considered as end free other end immobilization on a plate-like 
oscillating object 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the crookedness for which this invention used the piezoelectric device — a variation rate - 
- it drives according to a device, and even if it miniaturizes, it is related with the electrostrictive actuator which can 
be driven stably, and its manufacture approach. 
[0002] 

[Description of the Prior Art] What the front face of the oscillating object which consists of the former from an 
elastic body as a general electrostrictive actuator, using a piezoelectric device as a driving source is made to carry 
out application-of-pressure contact of the mobile, and is driven is known. The micro motor which moves the body 
of a publication to JP,7-184382,A as the example is mentioned. There is much what constituted PZT from points, 
such as the processing approach, in the elastic body at the conventional electrostrictive actuator at the 
piezoelectric device using the friction material which was excellent in abrasion resistance in the metal at the sliding 
surface of a mobile including this. 

[0003] Below, the principle of operation of an electrostrictrve actuator is explained. The piezoelectric device by 
which polarization was carried out to actuation is prepared in one field of a rectangular oscillating object and 
electric field are periodically impressed to a piezoelectric device. Thereby, a progressive wave occurs in a 
piezoelectric device from longitudinal oscillation and the phase contrast of the electric field which bent and 
vibrated, and were spread and impressed to said whole oscillating object. This progressive wave is changing vertical 
motion into longitudinal direction motion with the thickness of an oscillating object, and causes ellipse motion to an 
oscillating body surface. If application-of^pressure contact of the mobile is carried out at this oscillating object, 
according to the fractional force between a mobile and an oscillating object, longitudinal direction motion of an 
oscillating body surface will be told to a mobile, and a mobile will move to said longitudinal direction. 
[0004] The above-mentioned electrostrictive actuator is simple for ** structure, is excellent in that the generating 
force over ** actuator size is large, and ** responsibility, and has the descriptions, like it can constitute from a ** 
non-magnetic material. Moreover, in the above-mentioned conventional electrostrictive actuator, since the vertical 
vibration amplitude value of an oscillating object is a very small value which is several microns, in a generating 
output or passing speed, improvement is in drawing by policies, such as building a projection on the front face of 
the oscillating object in contact with ** mobile, and transmitting an oscillation to rectilinear motion efficiently, and 
enlarging contact pressure with ** mobile. 
[0005] 

[Problem(s) to be Solved by the Invention] However, when the above-mentioned conventional electrostrictive 
actuator is miniaturized as it was, the following troubles arise. 

(1) Creation of the minute height in contact with a mobile is difficult 

(2) High process tolerance is required at the head of a height 

(3) Since the volume of a piezoelectric device becomes small, the generating force becomes small. 

(4) Since it is large compared with the generating force of a piezoelectric device, the conversion efficiency between 
a vibration amplitude and passing speed falls [ the flexural rigidity of an oscillating object ]. 

For this reason, an expectable function can be realized in having miniaturized as it is. 

[0006] Then, this invention is made in view of the above, and even if it miniaturizes, it aims at offering the 

electrostrictive actuator which can be driven stably, and its manufacture approach. 

[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned object the electrostrictive actuator 
concerning claim 1 is formed in a plate-like oscillating object and this plate-like oscillating object and is equipped 
with the displacement device section considered as end free other end immobilization, the piezoelectric device 
prepared in this displacement device section, and the mobile made to contact or approach the displacement device 
section of said oscillating object 

[0008] If an electrical potential difference is impressed to a piezoelectric device, the displacement device section is 
crooked according to an electrostrictive effect For this reason, near the head of the displacement device section 
contacts a mobile. Or when the mobile touches the displacement device section, the head of the displacement 
device section is positively pressed to a mobile. The longitudinal direction component of this crookedness spreads 
according to a mobile, the displacement device section, and the frictional force of a between. A mobile will move by 
performing this contact continuously. Since this electrostrictrve actuator is a configuration which prepares the 
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displacement device section in the oscillating object of a plate configuration, and moves a mobile to it by making 
frictional force with this displacement device section into driving force, it is made to a thin shape in smallness. 
Moreover, since the displacement device section is constituted from a thin plate configuration, fiexural rigidity can 
be made small and the conversion efficiency between a vibration amplitude and passing speed improves. 
[0009] moreover, the variation rate which the electrostrictive actuator concerning claim 2 was formed in a plate- 
like oscillating object and this plate-like oscillating object, and was considered as end free other-end immobilization 
— the device section and this variation rate — the piezoelectric device which was prepared in the device section 
and prepared the electrode in the front face, and the variation rate of said oscillating object — it has the mobile 
made to contact or approach the device section and the power source which supplies the power of predetermined 
frequency to a piezoelectric device. 

[0010] As described above, a mobile can be moved by making a piezoelectric device crooked continuously. For this 
reason, a power source must supply the power of predetermined frequency to a piezoelectric device. Predetermined 
frequency may be a pulse-like. Since the movement magnitude of a mobile is decided by the count of crookedness 
and vibration amplitude of the displacement device section, movement magnitude is controllable by the power 
supplied from a power source. 

[001 1] Moreover, the electrostrictive actuator concerning claim 3 considers as end free other end immobilization 
while forming it in the plate-like oscillating object laid in the fixed object of arbitration, and this oscillating object 
and it is equipped with the displacement device section to which this free edge contacts or approaches said fixed 
object, and the piezoelectric device prepared in this displacement device section. 

[001 2] If an electrical potential difference is impressed to a piezoelectric device, the displacement device section is 
crooked according to the electrostrictive effect of a piezoelectric device. For this reason, near the head of the 
displacement device section contacts a fixed object Or when the fixed object touches the displacement device 
section, the head of the displacement device section is positively pressed to a fixed object The longitudinal 
direction component of this crookedness serves as frictional force, and relative displacement of the oscillating 
object itself is carried out to a fixed object The oscillating object itself moves by performing this contact 
continuously. 

[0013] Moreover, the electrostrictive actuator concerning claim 4 considers as end free other end immobilization 
while forming it in the plate-like oscillating object which carries out application-of-pressure contact and this 
oscillating object at a mobile, and it is equipped with the displacement device section to which this free edge 
contacts or approaches said mobile, and the piezoelectric device prepared in this displacement device section. 
[0014] If the displacement device section is made crooked according to the electrostrictive effect of a piezoelectric 
device, a part of displacement device section will contact an oscillating object at the mobile which carries out 
application-of-pressure contact When already in contact it will be pressed positively. For this reason, the 
longitudinal direction component of crookedness of the displacement device section spreads to a mobile according 
to frictional force, and the mobile concerned is conveyed. A mobile may be the box-like thing [ like a cigarette ] 
whose thing of the shape of a card like for example, a telephone card is also. 

[0015] Moreover, the electrostrictive actuator concerning claim 5 makes small the touch area to said contact 
surface in the above-mentioned electrostrictive actuator to the projected area of the displacement device section 
to the contact surface of a mobile, a fixed object or a mobile. 

[001 6] On structure, since this electrostrictive actuator has low rigidity, minute residual stress occurs at the time 
of oscillating object processing, or plastic deformation generates it according to the external force at the time of 
actuator actuation and installation etc. Since this plastic deformation is minute, removing thoroughly is impossible, it 
generates in the rigid fixed-end section of the low displacement device section most and a free edge displaces in 
many cases. Moreover, since the frictional force of the displacement device section, a mobile, etc. turns into driving 
force, as for this electrostrictive actuator, to stable actuation, it is desirable that a mobile etc. contacts the 
displacement device section in a fixed field. In invention concerning this claim 5, while being able to specify the 
surface of action with the contact surface by making small a touch area with said contact surface to the projected 
area of the displacement device section to the contact surface with a mobile etc., it was made to enlarge contact 
pressure. For this reason, stable actuation of the electrostrictive actuator can be carried out 
[0017] Moreover, the electrostrictive actuator concerning claim 6 makes some cross sections containing all of said 
displacement device sections, or the fixed-end section rough convex shaped in the above-mentioned 
electrostrictive actuator. 

[0018] What is necessary is just to make the cross section of the displacement device section rough convex 
shaped than the projected area of the displacement device section to a migration pair etc., in order to make small 
the touch area to said contact surface. This will contact said mobile etc. in the crowning of the displacement device 
section. Moreover, by [ containing the fixed-end section ] making a cross section rough convex shaped in part, the 
elasticity of the fixed-end section concerned becomes large, and the effect of the minute plastic deformation in the 
displacement device section can be eased. Moreover, residual stress is removable in a rough convex shaped 
processing process. As a rough convex shaped example, a triangle, a trapezoid, a boiled-fish-paste form, etc. can 
be mentioned. 

[0019] Moreover, in the above-mentioned electrostrictive actuator, the electrostrictive actuator concerning claim 7 
makes said displacement device section a L character configuration, makes a shorter side the fixed-end section, 
and uses a long side as a free edge. 

[0020] By making the displacement device section into a L character configuration, an oscillation of a free edge can 
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be enlarged more. For this reason, movement magnitude, such as a mobile, can be enlarged 

[0021] Moreover, in the above-mentioned electrostrictive actuator, the electrostrictive actuator concerning claim 8 
forms two or more said displacement device sections, and forms a part of displacement device sections in other 
displacement device sections and hard flow. 

[0022] The displacement device section is formed in hard flow, and a mobile etc. can be made to reciprocate if the 
displacement device section of an one direction and the displacement device section of hard flow are changed and 
driven. 

[0023] Moreover, in the above-mentioned electrostrictive actuator, the electrostrictive actuator concerning claim 9 
forms two or more said displacement device sections, and a part of displacement device sections are formed in the 
direction of X, and it forms other displacement device sections in the direction of Y. 

[0024] The positioning migration of the mobile etc. can be made to carry out in the XY direction by forming the 
displacement device section in the XY direction. It is useful to an X-Y stage etc. 

[0025] Moreover, in the above-mentioned electrostrictive actuator, the electrostrictive actuator concerning claim 
10 shifts and forms these displacement device section from the same straight line while forming the displacement 
device section in forward hard flow in the direction of X, or the direction of Y. 

[0026] If the displacement device section is shifted and formed from the same straight line, since the driving 
direction by the displacement device section formed in forward hard flow will shift, a mobile etc. rotates. 
[0027] Moreover, the electrostrictive actuator concerning claim 5 supports said mobile to revolve centering on a 
splash shaft in the above-mentioned electrostrictive actuator. 

[0028] By supporting a mobile to revolve, migration of the mobile concerned will be regulated and a mobile will rock 
by actuation by the displacement device section. 

[0029] Moreover, the electrostrictive actuator concerning claim 1 2 prepares the displacement device section for 
coarse adjustments, and the displacement device section for jogging made into size smaller than the displacement 
device section for coarse adjustments in the above-mentioned electrostrictive actuator. 

[0030] If the displacement device section of big size is made to drive, since a big oscillation is obtained, the coarse 
adjustment of the mobile etc. can be carried out Since it becomes a small oscillation, a mobile etc. can be made to 
move slightly, if the displacement device section of small size is made to drive. This electrostrictive actuator is 
useful to the seeking tracking control of a hard disk drive unit 

[0031] Moreover, the manufacture approach of the electrostrictive actuator concerning claim 13 forms a ramp in 
the front face of the displacement device section using the difference of the solubility by the crystal orientation of 
said oscillating object while forming the displacement device section which used photo etching and considered rt as 
end free other end immobilization on a plate-like oscillating object 

[0032] Moreover, the manufacture approach of the electrostrictive actuator concerning claim 14 combines a photo 
etching technique and a electrocasting technique, and forms the displacement device section of the cross-section 
abbreviation boiled-fish-paste configuration considered as end free other end immobilization on a plate-like 
oscillating object 

[0033] If the displacement device section is formed using such ultra-fine processing technology, while being able to 
control residual stress and plastic deformation, the displacement device section can be formed in easy and high 
degree of accuracy. 
[0034] 

[Embodiment of the Invention] Hereafter, it explains to a detail, referring to a drawing per this invention. In addition, 
this invention is not limited by the gestalt of this operation. 

[0035] Gestalt 1. drawing 1 of operation is the perspective view showing the electrostrictive actuator concerning 
the 1st example of this invention. This electrostrictive actuator is equipped with the actuation block 1 1 used as an 
oscillating object piezoelectric devices 14a-14f, the electrodes 15a-15f electrically joined to piezoelectric devices 
14a-14f, and the electrode 16 electrically joined to the actuation block 1 1. Inside the actuation block 1 1, the 
displacement device sections 13a~13f are started by the holes 12a~12f, such as U'characters, a character of KO. 
or C typeface. Piezoelectric devices 14a-14f are formed in these displacement device sections 13a— 13f T 
respectively. Electrodes 15a-15f are formed in these piezoelectric devices 14a-14f. Moreover, an electrode 16 is 
grounded, while connecting a driver 19 to Electrodes 15a-15f and connecting a signal generator 20 to a driver 19. 
[0036] Next a piezoelectric devices [ 14a-14f ] plane of composition is turned down, and a mobile 17 is installed in 
the actuation block 1 1 upside. Application-of-pressure contact of a mobile 1 7 and the actuation block 1 1 is carried 
out with the self-weight of the mobile 17 concerned. The displacement device sections 13a~13f have the free edge 
which carries out movable freely to the actuation block 1 1, and the fixed-end section fixed to the actuation block 
11. Moreover, the displacement device sections 13a-13f exist in the interior of the actuation block 11, and do not 
have a part for a height to the actuation block 11. 
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TECHNICAL HELD 



[Field of the Invention] the crookedness for which this invention used the piezoelectric device — a variation rate - 
- it drives according to a device, and even if rt miniaturizes, it is related with the electrostrictive actuator which can 
be driven stably, and its manufacture approach. 
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PRIOR ART 



[Description of the Prior Art] What the front face of the oscillating object which consists of the former from an 
elastic body as a general elect restrictive actuator, using a piezoelectric device as a driving source is made to carry 
out application-of-pressure contact of the mobile, and is driven is known. The micro motor which moves the body 
of a publication to JP.7-1 84382 A as the example is mentioned. There is much what constituted PZT from points, 
such as the processing approach, in the elastic body at the conventional electrostrictive actuator at the 
piezoelectric device using the friction material which was excellent in abrasion resistance in the metal at the sliding 
surface of a mobile including this. 

[0003] Below, the principle of operation of an electrostrictive actuator is explained. The piezoelectric device by 
which polarization was carried out to actuation is prepared in one field of a rectangular oscillating object and 
electric field are periodically impressed to a piezoelectric device. Thereby, a progressive wave occurs in a 
piezoelectric device from longitudinal oscillation and the phase contrast of the electric field which bent and 
vibrated, and were spread and impressed to said whole oscillating object This progressive wave is changing vertical 
motion into longitudinal direction motion with the thickness of an oscillating object, and causes ellipse motion to an 
oscillating body surface. If application-of-pressure contact of the mobile is carried out at this oscillating object 
according to the frictional force between a mobile and an oscillating object longitudinal direction motion of an 
oscillating body surface will be told to a mobile, and a mobile will move to said longitudinal direction. 
[0004] The above-mentioned electrostrictive actuator is simple for ** structure, is excellent in that the generating 
force over ** actuator size is large, and ** responsibility, and has the descriptions, like it can constitute from a ** 
non-magnetic material. Moreover, in the above-mentioned conventional electrostrictive actuator, since the vertical 
vibration amplitude value of an oscillating object is a very small value which is several microns, in a generating 
output or passing speed, improvement is in drawing by policies, such as building a projection on the front face of 
the oscillating object in contact with ** mobile, and transmitting an oscillation to rectilinear motion efficiently, and 
enlarging contact pressure with ** mobile. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, according to the electrostrictive actuator of this invention, the amount 
of [ in contact with the actuation object which was indispensable to the conventional electrostrictive actuator ] 
height becomes unnecessary. Moreover, since the rigidity of the displacement device section is low, even if the 
energy which excites a crookedness oscillation is small, a big vibration amplitude can be obtained, and the high 
motion conversion system of a transmission efficiency can be realized. Furthermore, components are processed 
using ultra-fine processing technology. Consequently, even if small, the stable actuation is acquired, and thin 
shape-ization is attained. Moreover, a rectilinear-propagation motor function, a reciprocating motion function, the 
motor function to the direction of 360-degree arbitration, and a rotation function are realizable with very few 
components. Furthermore, since a component part can be manufactured by etching process processing etc., while 
being able to carry out [ high degree of accuracy Hzing, assembly and tuning are simplified, and it can mass- 
produce cheaply. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, when the above-mentioned conventional electrostrictive 
actuator is miniaturized as it was, the following troubles arise. 

(1) Creation of the minute height in contact with a mobile is difficult. 

(2) High process tolerance is required at the head of a height 

(3) Since the volume of a piezoelectric device becomes small, the generating force becomes small. 

(4) Since it is large compared with the generating force of a piezoelectric device, the conversion efficiency between 
a vibration amplitude and passing speed falls [ the flexural rigidity of an oscillating object ]. 

For this reason, an expectable function can be realized in having miniaturized as it is. 

[0006] Then, this invention is made in view of the above, and even if it miniaturizes, it aims at offering the 

electrostrictive actuator which can be driven stably, and its manufacture approach. 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned object, the electrostrictive actuator 
concerning claim 1 is formed in a plate-like oscillating object and this plate-like oscillating object; and is equipped 
with the displacement device section considered as end free other end immobilization, the piezoelectric device 
prepared in this displacement device section, and the mobile made to contact or approach the displacement device 
section of said oscillating object 
[0008] 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned object, the electrostrictive actuator 
concerning claim 1 is formed in a plate-like oscillating object and this plate-like oscillating object, and is equipped 
with the displacement device section considered as end free other end immobilization, the piezoelectric device 
prepared in this displacement device section, and the mobile made to contact or approach the displacement device 
section of said oscillating object 

[0008] If an electrical potential difference is impressed to a piezoelectric device, the displacement device section is 
crooked according to an electrostrictive effect For this reason, near the head of the displacement device section 
contacts a mobile. Or when the mobile touches the displacement device section, the head of the displacement 
device section is positively pressed to a mobile. The longitudinal direction component of this crookedness spreads 
according to a mobile, the displacement device section, and the frictional force of a between. A mobile will move by 
performing this contact continuously. Since this electrostrictive actuator is a configuration which prepares the 
displacement device section in the oscillating object of a plate configuration, and moves a mobile to it by making 
frictional force with this displacement device section into driving force, it is made to a thin shape in smallness. 
Moreover, since the displacement device section is constituted from a thin plate configuration, flexural rigidity can 
be made small and the conversion efficiency between a vibration amplitude and passing speed improves. 
[0009] moreover, the variation rate which the electrostrictive actuator concerning claim 2 was formed in a plate- 
like oscillating object and this plate-like oscillating object and was considered as end free other^end immobilization 
— the device section and this variation rate — the piezoelectric device which was prepared in the device section 
and prepared the electrode in the front face, and the variation rate of said oscillating object — it has the mobile 
made to contact or approach the device section and the power source which supplies the power of predetermined 
frequency to a piezoelectric device. 

[0010] As described above, a mobile can be moved by making a piezoelectric device crooked continuously. For this 
reason, a power source must supply the power of predetermined frequency to a piezoelectric device. Predetermined 
frequency may be a pulse-like. Since the movement magnitude of a mobile is decided by the count of crookedness 
and vibration amplitude of the displacement device section, movement magnitude is controllable by the power 
supplied from a power source. 

[001 1] Moreover, the electrostrictive actuator concerning claim 3 considers as end free other end immobilization 
while forming it in the plate-like oscillating object laid in the fixed object of arbitration, and this oscillating object 
and it is equipped with the displacement device section to which this free edge contacts or approaches said fixed 
object and the piezoelectric device prepared in this displacement device section. 

[0012] If an electrical potential difference is impressed to a piezoelectric device, the displacement device section is 
crooked according to the electrostrictive effect of a piezoelectric device. For this reason, near the head of the 
displacement device section contacts a fixed object Or when the fixed object touches the displacement device 
section, the head of the displacement device section is positively pressed to a fixed object The longitudinal 
direction component of this crookedness serves as frictional force, and relative displacement of the oscillating 
object itself is carried out to a fixed object The oscillating object itself moves by performing this contact 
continuously. 

[0013] Moreover, the electrostrictive actuator concerning claim 4 considers as end free other end immobilization 
while forming it in the plate-like oscillating object which carries out application-of-pressure contact and this 
oscillating object at a mobile, and it is equipped with the displacement device section to which this free edge 
contacts or approaches said mobile, and the piezoelectric device prepared in this displacement device section. 
[0014] If the displacement device section is made crooked according to the electrostrictive effect of a piezoelectric 
device, a part of displacement device section will contact an oscillating object at the mobile which carries out 
application-of-pressure contact. When already in contact it will be pressed positively. For this reason, the 
longitudinal direction component of crookedness of the displacement device section spreads to a mobile according 
to frictional force, and the mobile concerned is conveyed. A mobile may be the box-like thing [ like a cigarette ] 
whose thing of the shape of a card like for example, a telephone card is also. 

[001 5] Moreover, the electrostrictive actuator concerning claim 5 makes small the touch area to said contact 
surface in the above-mentioned electrostrictive actuator to the projected area of the displacement device section 
to the contact surface of a mobile, a fixed object or a mobile. 

[0016] On structure, since this electrostrictive actuator has low rigidity, minute residual stress occurs at the time 
of oscillating object processing, or plastic deformation generates it according to the external force at the time of 
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actuator actuation and installation etc. Since this plastic deformation is minute, removing thoroughly is impossible, it 
generates in the rigid fixed-end section of the low displacement device section most and a free edge displaces in 
many cases. Moreover, since the frictional force of the displacement device section, a mobile, etc. turns into driving 
force, as for this electrostrictive actuator, to stable actuation, it is desirable that a mobile etc. contacts the 
displacement device section in a fixed field. In invention concerning this claim 5, while being able to specify the 
surface of action with the contact surface by making small a touch area with said contact surface to the projected 
area of the displacement device section to the contact surface with a mobile etc., it was made to enlarge contact 
pressure. For this reason, stable actuation of the electrostrictive actuator can be carried out 
[0017] Moreover, the electrostrictive actuator concerning claim 6 makes some cross sections containing all of said 
displacement device sections, or the fixed-end section rough convex shaped in the above-mentioned 
electrostrictive actuator. 

[001 8] What is necessary is just to make the cross section of the displacement device section rough convex 
shaped than the projected area of the displacement device section to a migration pair etc., in order to make small 
the touch area to said contact surface. This will contact said mobile etc. in the crowning of the displacement device 
section. Moreover, by [ containing the fixed-end section ] making a cross section rough convex shaped in part, the 
elasticity of the fixed-end section concerned becomes large, and the effect of the minute plastic deformation in the 
displacement device section can be eased. Moreover, residual stress is removable in a rough convex shaped 
processing process. As a rough convex shaped example, a triangle, a trapezoid, a boiled-fish-paste form, etc. can 
be mentioned. 

[0019] Moreover, in the above-mentioned electrostrictive actuator, the electrostrictive actuator concerning claim 7 
makes said displacement device section a L character configuration, makes a shorter side the fixed-end section, 
and uses a long side as a free edge. 

[0020] By making the displacement device section into a L character configuration, an oscillation of a free edge can 
be enlarged more. For this reason, movement magnitude, such as a mobile, can be enlarged. 

[0021] Moreover, in the above-mentioned electrostrictive actuator, the electrostrictive actuator concerning claim 8 
forms two or more said displacement device sections, and forms a part of displacement device sections in other 
displacement device sections and hard flow. 

[0022] The displacement device section is formed in hard flow, and a mobile etc. can be made to reciprocate if the 
displacement device section of an one direction and the displacement device section of hard flow are changed and 
driven. 

[0023] Moreover, in the above-mentioned electrostrictive actuator, the electrostrictive actuator concerning claim 9 
forms two or more said displacement device sections, and a part of displacement device sections are formed in the 
direction of X, and it forms other displacement device sections in the direction of Y. 

[0024] The positioning migration of the mobile etc. can be made to carry out in the XY direction by forming the 
displacement device section in the XY direction. It is useful to an X-Y stage etc. 

[0025] Moreover, in the above-mentioned electrostrictive actuator, the electrostrictive actuator concerning claim 
10 shifts and forms these displacement device section from the same straight line while forming the displacement 
device section in forward hard flow in the direction of X, or the direction of Y. 

[0026] If the displacement device section is shifted and formed from the same straight line, since the driving 
direction by the displacement device section formed in forward hard flow will shift, a mobile etc. rotates. 
[0027] Moreover, the electrostrictive actuator concerning claim 5 supports said mobile to revolve centering on a 
splash shaft in the above-mentioned electrostrictive actuator. 

[0028] By supporting a mobile to revolve, migration of the mobile concerned will be regulated and a mobile will rock 
by actuation by the displacement device section. 

[0029] Moreover, the electrostrictive actuator concerning claim 12 prepares the displacement device section for 
coarse adjustments, and the displacement device section for jogging made into size smaller than the displacement 
device section for coarse adjustments in the above-mentioned electrostrictive actuator. 

[0030] If the displacement device section of big size is made to drive, since a big oscillation is obtained, the coarse 
adjustment of the mobile etc. can be carried out Since it becomes a small oscillation, a mobile etc. can be made to 
move slightly, if the displacement device section of small size is made to drive. This electrostrictive actuator is 
useful to the seeking tracking control of a hard disk drive unit 

[0031] Moreover, the manufacture approach of the electrostrictive actuator concerning claim 13 forms a ramp in 
the front face of the displacement device section using the difference of the solubility by the crystal orientation of 
said oscillating object while forming the displacement device section which used photo etching and considered it as 
end free other end immobilization on a plate-like oscillating object 

[0032] Moreover, the manufacture approach of the electrostrictive actuator concerning claim 14 combines a photo 
etching technique and a electrocasting technique, and forms the displacement device section of the cross-section 
abbreviation boiled-fish-paste configuration considered as end free other end immobilization on a plate-like 
oscillating object 

[0033] If the displacement device section is formed using such ultra-fine processing technology, while being able to 
control residual stress and plastic deformation, the displacement device section can be formed in easy and high 
degree of accuracy. 
[0034] 

[Embodiment of the Invention] Hereafter, it explains to a detail, referring to a drawing per this invention. In addition, 
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this invention is not limited by the gestalt of this operation. 

[0035] Gestalt 1 . drawingj. of operation is the perspective view showing the electrostrictive actuator concerning 
the 1st example of this invention. This electrostrictive actuator is equipped with the actuation block 1 1 used as an 
oscillating object, piezoelectric devices 14a-14f, the electrodes 1 5a- 15f electrically joined to piezoelectric devices 
14a-14f, and the electrode 1 6 electrically joined to the actuation block 11. Inside the actuation block 11, the 
displacement device sections 13a-13f are started by the holes 12a-12f, such as U characters, a character of KO, 
or C typeface. Piezoelectric devices 14a-14f are formed in these displacement device sections 13a-13f, 
respectively. Electrodes 15a-15f are formed in these piezoelectric devices 14a-14f. Moreover, an electrode 16 is 
grounded, while connecting a driver 19 to Electrodes 15a-15f and connecting a signal generator 20 to a driver 19. 
[0036] Next, a piezoelectric devices [ 14a~14f ] plane of composition is turned down, and a mobile 17 is installed in 
the actuation block 11 upside. Application-of-pressure contact of a mobile 17 and the actuation block 11 is carried 
out with the serf-weight of the mobile 17 concerned. The displacement device sections 13a-13f have the free edge 
which carries out movable freely to the actuation block 11, and the fixed-end section fixed to the actuation block 
11. Moreover, the displacement device sections 13a-13f exist in the interior of the actuation block 11, and do not 
have a part for a height to the actuation block 11. And similarly as for the displacement device sections 13a-13f on 
the actuation block 1 1 , the whole (the direction of the fixed-end section to a free edge) of the formation direction 
is arranged. 

[0037] The alternating voltage outputted from the signal generator 19 is inputted into a driver 20. A driver 20 
chooses and energizes Electrodes [ 1 5a-1 5f ] the part or all that has more than one while amplifying input voltage. 
If alternating voltage is impressed to Electrodes 15a-15f, piezoelectric devices 14a-14f will repeat crookedness 
according to applied voltage. A crookedness oscillation is excited by this crookedness at the displacement device 
sections 13a-13f. A mobile 17 makes said oscillation a driving source, and moves to the left from the direction of 
the fixed-end section from a displacement device sections [ 13a-13f ] free edge, i.e., the right of drawing 1 . About 
a detailed migration principle, it mentions later. 

[0038] Stainless steel material is used for the actuation block 11, and a PZT thin film is used for piezoelectric 
devices 14a-14f. In order to energize to the electrode 16 joined to the actuation block 11, let said actuation block 
11 be a conductor. However, if between piezoelectric devices 14a-14f and mobiles 17 is made into the multilayer 
structure of a conductor and an insulator, the front face of the actuation block 1 1 can consist of insulators. 
[0039] Moreover, although the electrode 16 was grounded with the gestalt of this operation, an electrostrictive 
actuator can be operated even if it connects with the electrical potential difference and counter electrode which 
are impressed to Electrodes 15aH5f. Alternating voltage was impressed about applied voltage here, and it operates 
also by the unipolar pulse. Moreover, since a piezoelectric device 14 was driven, the voltage source was used, but 
the same function is done so even if it uses a self-excitation circuit. In addition, application-of-pressure contact in 
a mobile 17 and the displacement device sections 13a-13f is required of actuation of the electrostrictive actuator 
of this invention. With the gestalt 1 of this operation, although the actuation block 1 1 is made to carry out 
application-of-pressure contact with the self-weight of a mobile 17, it may be made to carry out application-of- 
pressure contact of the actuation block 11 especially the displacement device sections 13a-13f, and the mobile 17 
according to the spring device in which it is not based on a self-weight but fixed contact pressure is generated etc. 
Moreover, an electrostrictive actuator can be driven even if it makes it impress an electrical potential difference to 
an Electrodes [ 15a-15f ] part 

[0040] The [principle of operation] Below, the principle of operation of this electrostrictive actuator is explained. 
Drawin g 2 is the explanatory view showing the actuation principle of the electrostrictive actuator of this invention, 
ff a forward electrical potential difference is impressed to an electrode 15, a piezoelectric device 14 is crooked in a 
mobile 17 side. An electrical potential difference is taken, it is carried out, and ** and a piezoelectric device 14 
return to the original configuration. If a piezoelectric device 14 deforms, the displacement device section 13 will also 
be crooked in connection with this, and the free edge head of the displacement device section 13 will contact a 
mobile 1 7. The force of the longitudinal direction component (from drawing Nakamigi to the left) at the head of a 
free edge carries frictional force, and is transmitted to a mobile, and the mobile concerned carries out minute 
migration in this direction. Therefore, since said minute migration is repeated by impressing an electrical potential 
difference to a piezoelectric device 14 periodically, a mobile 17 can be moved continuously. In addition, in this 
drawing, although the contact part of the displacement device section 1 3 and a mobile 1 7 was expressed 
superficially, it is not necessary to necessarily contact superficially and you may be point contact Moreover, 
although it was said for application-of-pressure contact that the mobile 1 7 and the actuation block 1 1 are carrying 
out even if in contact in terms of micro, or even if close, there is instead of [ no ] in a mobile 1 7 moving by the 
above-mentioned principle. 

[0041] The configuration of the [modification of the displacement device section] displacement device section 13 
may not be a simple beam configuration as shown in above-mentioned dra wing 1 . The modification of the 
displacement device section is shown in drawing 3 - drawin g 8 . Drawing 3 is a partial perspective view in which the 
cross section which intersects perpendicularly with a longitudinal direction shows the triangular displacement 
device section. According to this displacement device section 13, line contact will be carried out to a mobile 17 (or 
the fixed object 18: it is the same gestalt 3 reference of operation, and the following) by part for a ridge part 
Prawjngj4 is a partial perspective view in which the cross section which intersects perpendicularly with a 
longitudinal direction shows the displacement device section of a boilecHisrr-paste configuration. According to this 
displacement device section 13, it will contact in a mobile 17, line contact or a very small area by part for a 
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crowning. 

[0042] Drawing 5 is a partial perspective view in which the cross section which intersects perpendicularly with a 
longitudinal direction shows the trapezoid displacement device section. According to this displacement device 
section 13, a mobile 17 will be contacted on a trapezoid shorter side side face. ^rawjngjS is a partial perspective 
view in which the cross section which intersects perpendicularly with a longitudinal direction shows the 
displacement device section of the triangle and the trapezoid in a fixed-end side in free one end. According to this 
displacement device section, line contact will be carried out to a mobile 1 7 by part for the ridge part of a cross- 
section triangle. In the case of this configuration, the area which contacts said mobile 17 compared with the case 
where a cross section is a triangle is small, and contact pressure becomes large. However, since the amount of 
[ which driving force generates ] free edge contacts a mobile 17, stable actuation is expectable. 
[0043] Drawing 7 is a partial perspective view in which the cross section which intersects perpendicularly with a 
longitudinal direction shows the displacement device section of the trapezoid [ one end / free ] in a boiled-fish- 
paste form side and a fixed-end side. According to this displacement device section 1 3, line contact will be carried 
out to a mobile 1 7 by part for the crowning of a cross-section boiled-fish-paste form. Stable actuation is 
expectable with this configuration as well as the above, the cross section where a longitudinal direction and drawing 
8 R> 8 cross at right angles — free one end — a trapezoid side and a fixed-end side — a square (or trapezoid) 
variation rate — it is the partial perspective view showing the device section. According to this displacement 
device section 13, a mobile 17 will be contacted on a trapezoid shorter side side face. Stable actuation is 
expectable with this configuration as well as the above. 

[0044] Even when making the displacement device section 1 3 into the configuration shown in above-mentioned 
drawjng 3 - drawing 8 and plastic deformation is carried out since the surface of action to said mobile 1 7 is limited, 
change of a touch area is small. For this reason, a change of operation cannot take place easily. Moreover, since a 
touch area becomes small, the contact pressure to a mobile 1 7 becomes large. As mentioned above, the 
electrostrictive actuator of this invention can be more stably driven according to definition of a surface of action, 
and buildup of contact pressure. 

[0045] Moreover, the displacement device section 1 3 may not be a simple beam configuration, and as shown in 
drawing 9 , it may be the configuration which made the fixed-end section slanting. Thereby, not only bending 
vibration but torsional oscillation is excited, and a big vibration amplitude is easy to be obtained in the free end. 
[0046] Moreover, the displacement device section 13 may be made into the L character configuration which 
consists of a part for a part for a long side 131, and a short side part 132. As shown in drawing J 010 (a) and (b). the 
resonant frequency of the displacement device section 13 can be made into a different thing by changing the die 
length for a short side part 132, or changing the fixed gestart in a part for a short side part 132, as shown in this 
drawing (c) and (d). Bending vibration and torsional oscillation generate a part for a short side part, and a big 
variation rate (vibration amplitude) is easy to be obtained at the free edge. The lower part perspective view of an 
actuation block which has this displacement device section 1 3 is shown in drawing 11 . Thus, a piezoelectric device 
14 is formed in the underside for a long side 131. If Mobile W is carried on this actuation block 1 1, the mobile W 
concerned can be moved. Moreover, you may make it a configuration as made the displacement device section 13 a 
L character configuration and shown in above-mentioned drawin g 3 - drawing 8 (graphic display abbreviation). 
Furthermore, you may make it form aslant the fixed-end section of the displacement device section 13 shown in 
above-mentioned drawing 3 - drawingji (graphic display abbreviation). 

[0047] [ — a variation rate — manufacture approach] of the device section — the next — a variation rate — the 
manufacture approach of the device section 13 is explained The displacement device section (refer to drawing J5 ) 
by which a cross-section configuration is surrounded in a straight line can be formed comparatively easily by using 
chemical treatments, such as anisotropic etching and half etching, compared with machining etc. Since the include 
angle of a slant face can be determined only by especially selecting construction material by anisotropic etching, 
management of a slant-face include angle is easy. 

[0048] silicon according [ drawing 1 2 ] to anisotropic etching — a variation rate — it is the sectional view showing 
the production process of the device section 13. In order to carry out anisotropic etching of the silicon (Si) and to 
manufacture the displacement device section 13, counter etching of the silicon (100) side 21 which is the raw 
material of the displacement device section 13 is carried out first (this drawing (a)), the silicon 21 concerned is 
oxidized, and diacid-ized silicon (Si02) 22 is formed in the both sides (this drawing (b)). Next, a photoresist 23 is 
applied to silicon 21 and exposure and development are performed through a photo mask 24 (this drawing (c)). Then, 
diacid-ized silicon is etched and an etching mask (Si0222) is formed by removing a photoresist 23 thoroughly (this 
drawing (d)). And anisotropic etching of said Si21 is carried out by using the etching reagent which has a different 
direction property, and the part which is not covered by this by said etching mask is removed (this drawing (e)). 
[0049] What was mixed at an ethylenedtaminexatecholiwater =17cc:8cc:3cc rate is used for an etching reagent 
Thereby, the etch rate to the field of silicon where an atomic consistency is the highest (111) drops to several [ of 
the etch rate of other fields (100) etc. / 1/], and very late etching is attained. For this reason, the displacement 
device section 13 from which the field (1 1 1) of silicon turns into a slant face can be formed by the above- 
mentioned anisotropic etching (this drawing (f)). Moreover, when using silicon, since the slant-face include angle of 
a field (111) and a field (100) is 54.7 degrees, in a manufacture process, the slant-face include-angfe management 
by crystal orientation is attained 

[0050] Next, the displacement device section (refer to drawing 4 ) by which curves, such as radii, are contained in a 
cross-section configuration can be formed comparatively easily compared with machining etc. by using a 
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electrocasting technique etc. Drawing 13 is a electro casting process which shows production of the displacement 
device section 13 with a nickel-plating ingredient 
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mm^m^^mt^mm-rz^m^t. z 

[0 0 14] Kf&%?<Di&mi%&±Qm&mt$*:® 
mzvzt. mmmzimEEmm'z&mmz, 

®&(DW5ftfcmm&Mz&r)mmz&&L. is 

®xhix*>&^. 

[0 0 15] tt, $&£m5tZ%2>&3&7t?3.X.-* 
±l2JES7^^iX-^fc^^T. &%#%L<\* 

^m^rc\mm^<o^m\z^^^mm&^ 
irju w\mm\zK?z®m®mz*z<Lfc 

[0 0 16] M&k. ZO]£1&T??jL^-?\m&tf 

&^it*>. mmmx®\zfa*te®mw%&Ljt 

7??*^-*mW}ft&£Tf&^izi$ft*fti](£ 

\z&t)m , &&fc&%$Ltz><> z(DM&&&&m^x&* 
%±\zT&m<ztte**ii&x$>K>. mm&<o 
&^m&mmmfe®mzft&v, Bmrn^fct 

%Z£tf&\,\ £tc, ^^Et7^faX-^H eft 

mm\z\mmm%tmh^tifi-^mmx^mz 
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to«*ffllc«T«Wfl:«»»©SjBBafc»lx, MSB 

[0 0 17} ^«6Kl^^jEm7^^JLX-^ 
fcL ±EBE«74^aX-*fcSHT, ffie&tttttfltV 

9 fc, MBttttB <c#T *BIftBft*** < f 5 fcfcL 

*fc, BS«S£*A/£--&ttB«ft 
fcD. M(MSfc«lt««44lttC*<DflMiCjnrr 

zo 

[0 0 19] S&*^7»C«S*JBEm7^^JuX-^ 
& ±EEE«7*^x--*fcS!,vt, «gBSffia«W 
*L*JWttU ■B*BjmftfcUJtiB«MJM£ 

[0 0 2 0} sttttttste l c tr, a * 

[0 0 2 1] tit. H«3H8fc:«*BEfl7^^jLX-^ 

*ttWMtu -«o«tt««**4afl!)jett«««^a! 30 
to 0 2 2] «tt(imi«emicMtb. -%ft<o$t 

tO 0 2 3] B««9l:fll«ffS7^faI^ 
tt. ±BEE*7*^aX-*W3trVt % 68ffi£ftt«8SB 

[0 0 2 4] XY*ftfc««MI«tJP*'r*CtCJ: 

[0 0 2 5] £fc> 0fc«*ffi«7** : aX- 

y sis] ^TKtt(twv« Eiurn i-jwar * £ * k 

[0 0 2 6] «fta»|«*PfI-ttl»±*6r&l/T»* 
[0 0 2 7] H*«5IC«Sffi«7^^aX-^ 50 



[0 0 2 8] MfteNCTftCfcCAO- ^S^ib* 

[0029] a-fc* »#si 2tzm&%.7w*x- 

[0 0 3 0] *4&*-f XO«&«tt»*B»*-«:* 

£<*>JE®7*^aX-*te, GUtf/v-Fx* 

[0 0 3 1] *fc, §5*81 3K«5Ef7^faX- 
*0«8>&«tt* ¥«*©H»»±lC7*hXyy><f 

[0 0 3 2] *«ai4fcff«6E£*7^^aX- 

[0033] co^KtMwimxmtim^xmLm 

[0 0 34] 

[0 0 3 5] XI«M1. Bltt, *WS©»10* 

«wt«*jE«7^^jix-*«w-r«aBT**, i 

OEt7^faX-^li Hi^wraynv^l 
1 JBE^PK^l 4 a-1 4 f fc. JEE«#?1 4 a-1 
4 f t»b«a»K««rLfc*Bl 5 a-l 5 f K 
iyny> 1 1 C#U«ft»C«^bfc1Bfil 6 fcfcfi 

1=v *ttC*»ftg©^l 2a-12 f JC±t>T«tt« 
«S1 3a-l 3 ftfBDHSftTfr**. 
ffi 1 3 a- 1 3 f tZ\Z. ZftZtl&m? 1 4 a - 1 4 
tUNStttZtlXto*. :OE«*?14a-14fl: 
tt. S&1 5 a-l 5 f*R»6*lT^*. 

fciifli#j84«2 o zmtztPitm i s ttt*r 

[0 0 3 6] Otr»C, £tm*^14a-14 f<D«^B 

*T«ibr. i ia>±«t»»#i 7^^ 

Bt5« »ft»17Mft^Dy^ 1 1 ttt* £tt»» 
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#1 7OSffifcJ;0inEE«#r5. SMfc«««l 3 a- 

fi$&<t* Bflft^nydri lfcfl££*ifcB*sa8&£* 
#Ta. KttWSSl 3a-13fH ra^a 

[0 0 3 7) 9*>effl*Ufc««1BESK 
&*«T*fc#K«R***«l 5 a-1 5 f 

uts*?-*. «sisa-i5f« 

01 3a-i 3 fl:MiSli«^^. $tbftl 7 
tt, NBSBftnW&U MWl 3 a-1 3 f 

©e*M»*SB**»#fiK -rftfcSBi 

[0 0 3 81 ■B^nyjri lfctt, Xf>UX»« 
ES*fUa-l 4 f fcfcPZTS8«£«EfflU-r 

IfflEBMfc/nyjr l l fcCU £E 

«§R-? 1 4 a - I 4 f 1 7 £©B£i»#:fe<fctf 

(oo39) &tc. 1 6 

til5a-15 f fcWiflT*«ffi£*«fc« 
BMlB«fl£fcB8Lrt>, C^Ttta*«ffi«B«iDL& 

fePMB©«ffi£»-r*. ft*. *«W©EE«7**aX 
-jrOKfefcttfflMt 1 7 i5E&««SS 1 3 a - 1 3 f 

«^{Cct^. BHftrfn?* i i, ftC2tttt«l8l 3 a 
-13 f £&Wl&\ 7 £*tomimi<it**5K\sTh 
Hits QSl 5 a-1 5 f O-fflKttflEfcWftlT 

[0 0 4 0] MIHKM1 O^fc, HfcEttT^aX 
7«HcHftT«. «BE*£9£ntf. Em^l4l^ 

ffv4effiWRasi 3t>a*u «wi 3©aa&' 



ot, EE«*?1 4fc«ffi€rJSJ»»fc9«IP'r6::fcTfM 
Ka/.N»ftTb«l»Dfi**i*^^, #IW*1 7£ffitt8llC 
tfltdMC&iaitT*^. ft*, HHTtt, £ft«MftS 
' 1 3 1 7 t <Dtt*ffl#£¥ffi«fc*Lfc**, * 

T^*l45ff«UT^T'b±»RaicJ:t)T»»#l 7tf 
10 POT* iifcic** 9 ft^. 

[0 04 D aett«ws«>Kj»wi 1 3 © 

#ttft> ±g3^ 1 fc«tfcJ:'5ft#>l»J&«Tft<Tt) 
0 3-B8JC, SttMftS^JWMS-r. 0 3 

t»»«BHT*5. C©«tt«««l 3fc«MX«, # 
1 7 (*fcttG3*# 1 8 : 3 # 

R. £ITHU) £»ft«rr*C£fcft*. B4tt. 

&«b?&£. co«fi«iai 3ic<fcn«, ih«»t 

*E£lCft*. 

[0042] b&& fi*#fticB«T*wffltffc»© 
i 7 

»fB^=ft^<0«'&fctt^T«tiB»Sb* 1 7 
30 r*H«3^/hS<. IMkE^*<ft«. TO 

(0 0 4 3) B7tt. ft*35ffijfci63tr*»fB*«e** 

B«««T^*<oKttawiaft^f «»« 
»B-e»*. co*tt««ai 3t<tn«» kb3B*» 
w&mT&®i*i7 tmm&zt\ztez. com 

[0 0 4 4] ^{JTO^l 3*±EB3-B8K:^tfc 

fc, a«H«» t 'h*<ft*fe». »»»17I:W«» 
ft*. »«««OBS*J:«« 
*BE<Z>«*k:J:0, #«W<Dffi«7**aX--*£J:D 
50 «S»fcK»-C*«. 
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[0 0 4 5) »Wl3ll|Wm< 

[00 4 6] tits KttttttSl 3£s 3 1 
3 2£*£&*L*»«fcLTfei:V*. H 
10 (a) (b) fc^TJ:^ SiSfiU^l 3 2 

<Ofi££&HLfcD> 30 (c) (d) fc^-TJ; 

#&«&ft> Biifc^f. zro^^fc, E«*Ti4 
tt. *ffl«*M3l©TTBfcRi*Stt*. COJWBtfn 

■fcH . ±BB3-B8ltfR1*tt 

®W1 3a>HS*«ft«W>K:**r*J:5CbT'b* 

[0047] KtWHlotttril] ^tf fc. Stttt 

Tffl*n^aeffi««a <b3#be) « % ««i^> 

£ o , tttttaxft ^ictt^r tt«»*B w t 
»i:**ttxy5 1 >^Tf^ *Mtft»Wa 

[0 0 4 8] B12I2. JKttXyf>yK«5/ya 
3> (Si) *Jt*ttXy^>yL,TKffia««l 3ft 

»«rr*fctt, sr, 3©*«Tfts^y 

3X100) ffi2 lft&Mb (HIS (a) ) , 
ya>2ift«ft**, t©PWi:^Mt*/y3> (S 
i02) 2 2ft^j3tf££?{cT£ (^B (b) ) , O 

*MTX*2 4fc»i;T, KJfcfeitfSfiftftfrS «■ 

(c) ) „ but. =awis^y3>*xy^>yu 7 

*h^Xh2 3ft^lC»5S'r*C4:-e. Xy^>if 
TX^ (S I 02 2 2) ftKfiM"* mm (d) ) c * 

lt, jn^wtft^rraxy^x^ftftffl^sctTfw 

IBS I 2 l«ft#ftXy^>4fU ZtlfcJ^TiJEx 

H (e) ) . 

[0 0 4 9] JLy*>#mz\t> MXtt 
X3^>^73 > : *f3-^ :?X=17cc :8c 
c : 3 c c 



0afc»?»K©Sv* (111) It»tW7f>^ 
JUM*. TO (10 0) ■&£OXy?>i'9K0K5)' 

fcae>, ±eft*ttxy^>yfcJ:0, y'J^xo (l 1 
1) 3ft*jjt1-*£fc*tT 

(TO (f) ) • '>'j3>*ffl^5«^ 

(1 1 1) K£ (1 0 0) ffi<b<D&@ag!#5 4.7* 

io [ooso] -d€\z. Km*wznw*Enaiiufitt*. 

C £ fc<fc 0 flH*2UX& ?K:tt;^Ttt*H»**fc«tiE"r 4 
E 0131S, Xy^r;M^*tt»fcTS6tt 

®$35l 3®ff«ft3Rt«»xaT»*. W&fIR*. 

[0 0 5 1] #«£&S*x>UX«2S<&ffli 
ftSML mm (a) ) , *<0##2 5<D%m\Z7*h 
3ft»«rr* (RB (b) ) • 7* 
20 h U$>X h 2 3 4>±K17* hTX^ 2 4 ft-fey b UT® 
Sfc&JctfSMfcftfr^ (pgs (c) ) , 
<7*M^Xh2 3) ft»«r* (MB (d) ) • C 

* h h 2 3 <&#ftLftfr>^fcx? fr^*SHB 2 
6*WJ**n* XyM/«*B2 6l&<7*hUS?Xh2 

3^®^3SoaiLT<^ mm <e> > 0 

[0 0 5 2] C^gROajba^KHWttttttiBlca: 
0. tOlRtttflMMt 1 7 ktofmmtta*. Sft 
fc, -y4r;PS«Ja2 6£7*hW?Xh2 34$cfctf# 

30 #2 5*s>mas-&, «tt«B»i3*jasr» (bb 

(f) ) . X7 L >kX^i-y^;i/i:OffJ(i 

[0 0 5 3] [tttt7^*aX-^0«»#I] ^fc. 
±^^SM^ffi^fcEEm7^5 1 iX-^0»^ft 
40 *»fl[>»Jg2-*lS©»J68-|CTRWr** 

%Kti!)«B2. SI 4ttv d©*W^*JI©»»2K:« 
*E«7^^3LX-*ft*-r»*BT**, ^Oj£S7 

*jB©»ttioK«7»^3.x-^<ka&a© 
tt, «tt«M»13t«»£**HlfcRltfcjaT*«. 

^ft€P&*r^« COESTJfaX^Tfi 4O60 
3 a-1 3d ft. *ft*ftflfti£fe&l*Ifc 

50 3*«-*lSlO»»ftaS , r6J:^K:-r*. * 
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mmi 3 c (£*i&-m0&&®mi&i 3 \>&&&& 

[0 0 5 4) £OEES7*^:iX-*$>»ff£ 
RWT*. <I^5S£ffil 9*6F7'f7*-2 0€gT* 
fil5a-15d fc£»1&BE£BUllt"** K /X- 

2 Ott«£E*»Wrs^*K:**t««» 1 3 a - 1 3 d 

fcRWT*&. F9-fAC-2 0tt, £»#17*B+* 
*SllC«f»r**^. SfittfllBl 3 a^glS aO 

Bfr. *©iBfi#0|MB«» l 3 c com& 15c©* 
fc*ffi*Wto**. B+^ft£»ft»£&ft 

¥«nca*«3C(«i!B*nfc*tta*ai 3 b 

<&««l 5 b afcH**«*|flic»«H*«# 

3 d OSS I 5 d ©*fc«B£fcfl»rt"*. 

[0 0 5 5] 1 7 »W 1 3 K» 

KttaURSl 3 atf>m&l 5 afcJ:tf£ft««3 
1 3 bcomS 1 5 b©H*»C«JBE*ai*D-J-*. £<3W2HI 
«Bett-*rtt&<. jBttWKSl 3 a^Sl 5 at 

toq-t smE&*< 1 t-r « £ . ^ffim^s 1 3 b 1 

5bKBlftrr&BflEtfl. 7fcfc$«fc3fcMfl|ITS. d 

[0 0 5 6] ^*|SlfcRI*fcBffi««« 1 3 a 
*J:Ctttttttt*i 3 c 3 biJch 

OSttWHtl 3 d) Wl7 
*«©*eMrt-*. Ctltt, KttBBBl 3ai&&«« 

«i3c t*tra-ift«±icEB*nTiiai^*-c* 

*. SttRBSl 3 a®&W&KttiMMl 3 c 

BU^6, :©E«7^faX-^ 
tt. Ml 7 £¥0SLLT3 6 0- ttt»AtW« 
fcfc* ±ffi«tt»B8teftjLT. B3- 
Bl 0IC«Lfc^O*»«BflKa^*J:tM* 

SE»*lftfcRttfc*tttt«ttl 3 a££tf 1 3 c, 
1 3 b£ £tf 1 3 d SH-itliLLfcffiBLTfc 3 
6 0* ffi^|$J^<O»a«ffi(0^ST*5. 
[0 0 5 7] *lBO»»3. B15& CO^^CO^JS 
WB3fc**ff«7**JLX-**5^»tfBT» 

£B£#1 8£JflH. JE«7^^aX-^g|flcSB«# 

lfcfSU 4^©SEtta»ai 3a-l 3d#»iS£ttT 
£»9> :ne«ft»l 3 a-l 3d 

4 a-1 4d**UTH** E«5R? 1 4 a-1 4d 



tt, «Rl 5a-l Sd&Sli;TK^/t-2 0C«S 

3trr»*. p 74^-20 it* e^«4»i9*^K 

[0 0 5 8] «B1 5a-l 5dfcXK«ffi*Wttf-6 
EEm*^ 1 4 a - 1 4 d^*©BMm«£Elc«KTH 
**»«35Bf. £©flE*»14a-14d©H*fc* 
0, Kttttttffil 3 a - 1 3 dicBHFjBMtftBSn. 

io cnawnumttiQ. m&m*±. 

fc, 3Hfi©^B2©J;5lc, J6tt«*«l 3€*ti*n 
W«te6*filfclWttlfit EE«7**aX-*Btf:4 3 
6 0 # 

(E^tUS) . &45, ±E«tttt«aK:ft7LT. 03- 

B i o K*ufc»tt«)«ti:«****^*::^*-c# 
too 5 9] 4. Bi6i*» coftwomm 

«13F, l3R*5^fci£»|6|K:»rtUfcfc©T» 

a&naBfcfc*. *fc. ^&«M8S51 3». WHtf uy 9 
30 [0 0 6 0] «««4B^J:tf K^^f/X- (l«t» 

[0 0 6 1] *JB©»I85. B17K, 
O^ji 5 IC^^E^7 9 9- ft«r«rtBT» 

40 xiutwsi szmnctm-e&z. mm?uvt>i i 

<OXY*|pJfctt, KttflittSl 3X, 1 3 Y^2t>r^) 

(B^«») *«S»6*iT*0- E«*?fcttBB3WR 

- (BSttK) *»6«*«*«lt** -*rtl©«ftB 
Mffil 3XlCtt*^»"r*J:i^ ^SMfcl 7<&X^ 

50 to-J-*ttE*RB-r*££fcJ:D< 1 7 o» 
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BfcftAT, H3-B9fcwLfc#tt©Ktt««S£ffi 

[0 0 6 2] 3lJfcW&6. B1812, C 
4>*B 6 £$££$7 jr ^ a l^«tll»HT» 
S. C0EEtt7*-7a.X-*Ttt. mh7oy?i m 

\z. m± 2 mz&fc \sizrnim*>mmm 1 3 s 

t, a»±29ij(C»l£U«:&ikAOXttBWiai3L& 

*#u ajHumfltH 1 3 s, 1 3 La>«rae««: 

*t>©ibfc. aS&JB©^««SH3SJMli&^(D2g 

ttifrffl©^fe«i»»i aL&*«Diix.Tnrr«. si 

fHM*;fc*<Te**». Bft&BBifciM'nftHk 
[0 0 6 3] ft*. nB«)«nffl«>Xtt«IHR«l 3 Si 

asrBofc&flWis 1 3 Li £-&i lt> «ve*i* 

<0*#B8) > COJ^ftEttrjr^aX-^Ott 
JflMiLTtt. mH^~Px*X*©^y P«fiB« 

MfflTCfr 5 - faWT*, 1 3 S£J: 

fcft^T, H3-H9K:«Lfc»«flD*tttti«jB*j8^ 

[0 0 6 4] nmt>J&&7. Hl9tt. £<0SSW0*iS 
O»»7fc«*E«T^5 l 3.X-^€«-r«ri60T* 

C0EE*7**jlx-*HU WhfflOXttWMWl 
3Si«Affl«)XttflUliai 3L^ICJ;09»»1 7« 

fMM*l 7«, tfX^>v3>7-Al 7 



1 liKEST*. Kftyay^ I 1 Ictt', ttttfflOK 

ttttvin 1 3 s ^finffl^jettoflta 1 3 l t<o&wK 
^fcat»«fc»*dnr^*. £<^aoatta«»i 
3tc<t^. »n»i 7oa»*<fctfa»£fT?. 

3s«. an/aaBttttttau 3 Licit 
^tim xaviv* < , *nmimutom*zimztsi 

[0 0 6 5] P5KA- <B*«K) tt. 

to o-o. ^mom&mn^n^. nmmommms 

1 3LH»»»1 7«M<M4«:WW 1 ft 

fT9i#Jttts *X*>2/a>7-Aft£*«£bfc« 
»«©B»7oy*l 1CT*. ft*. -bfE£&&8JB8 
fc«*T, H3-H9fczRUfc»tt©SBtt«i*»*ffl^ 

[0 0 6 6} tt«DM8. H2 0& ^«>*W©jafi 

ETfc*. E*7#^aX-**»iSffla£l, 

«t*M?Dyiri 1MAEIU ZUDBB^n* 

^ 1 1 n8£«tts#3 0 **ft**fc«rtitT^*. 

iB3fc*-PCftJ6Uatyi, 3 ROBB 

fcJ:D*-PC*-*ia (S^R^ffiJ) te88i£-r^Ci 

-PCOttB*«6**aiCfr3Ci*«T*-5. 
[0 0 6 7] C©ffim7^^3.x-^^ffi^-5Cli^ 

<mmm\zRxT, 03-09^ Lt^mvt^itwm 

[006 8] 

TOTfcofc, BIWftttiWSTftSfia^^Bi 
ft«. IEtt««IB«)MttWli«». IteSii^ 
BST6x*jlf*-ii«*S<T***ftB»B«*»6 

50 s # *fc. ««>T'>ft^»fitBBaatti«e, ^iCMii 



mm. 3 6 0* &&%ft^<Dm®ffl&i3*zfi®tmm& 
ran *»w^s 1 ^fi«f:S5E«7^?ax- 

[B3] J^«A^«^dKaB^HA^O»UMW 
[B7] fi¥#AiCit^dlKS^eA«flTif»» % 

rain mmmmzftrzwrn^u ? ? <or^m. 

[Bl 2] ^ttXy^>ifKJ:*^U3>««Hi#W 

[HI 31 «*ttx^^>^fcJ;*xyy^S6fi»«« 30 
©«»IB*w-r»fBB"e**. 

[Bl] 
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[SI 4] C<D«WOjttSa>^*2IC«*EE«7^^a 
X-^€r«-r*riSHT?»*. 

[BIS] i«>5BW<OStlS©»B3fc**£E*7^^r)t 
X-**«-f««BT»*. 

[big] zvmommmwi 4 «c««s«7 47 
x— ^ *^-r**BT**. 

x-^e«*r««BTf»-5. 

[SI 9] CO«W0*ifitf>»jR7R:«S6fl£«7^^DL 
X-^fc^-MMSBT**. 

[02 0] d<0*«O«B©»B8fc:«4E«7^^ 

x-*w6ffl«fc7KT««BTs*. 



1 1 




1 2 


ft 


1 3 


K&ttttS 


1 4 




1 5 




1 6 


IMS 


1 7 




1 8 




1 9 




2 0 




2 1 


->gn> (ioo> 


2 2 




2 3 


7* hl^Xh 


24 




2 5 




2 6 





l®2) 



s 11 




(11) ftKPR 1-252959 






s F«» ! F«*j|«K+JilTI8»« -t 20 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
ftlFADED TEXT OR DRAWING 
C2fBLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



QJ REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




